In this paper we present the rapid method for determining the depth distribution of a sedimentary basin by combining the FFT-based and space domain techniques in gravity data interpretation. The method is tested on two 3D synthetic models which density contrast is constant and exponential variation with depth. Then, the method is applied to determine the depth distribution of Nam Con Son sedimentary basin in Vietnam. The obtained results coincide well with theoretical models and seismic data. The computation speed of the method is much faster than that of space domain technique.
Introduction
 According to Parker [1] , the computation time of gravity effect caused by a two-dimensional uneven layer of material using a FFT-based technique is proportional to N ln(N), where N is the number of input and output points of model. For the same model, the computation time using a space domain technique is proportional to N 2 . The difference of computation time between two techniques is not so significant if the size of model is small. However, the number of calculations in the spacedomain technique increases rapidly compared to that in the FFT-based technique as the number of input and output points increases gradually.
Based on the FFT-based technique, Oldenburg [2] deduced an inversion method to compute a density contrast layer from its gravity anomalies. However, this method requires a given mean depth of the interface [2, 3] and a low-pass filter to achieve convergence [2] [3] [4] [5] [6] . On the other hand, Bott [7] introduced another method using the space-domain technique despite the disadvantages of the computational speed. Bott's approach is based on the Bouguer slab formula that is readily adapted for the inversion procedure. In this paper, we combine both FFT-based and space-domain techniques in a model to solve their limitations and then apply to determine the depth distribution of Nam Con Son sedimentary basin in Vietnam.
Theory
According to Parker [1] , the vertical gravity effect due to an uneven, uniform layer of materialis:
where F[ ] is Fourier transform, F -1 [ ] is inverse Fourier transform, is the gravitational constant, ρ is the density contrast, k is the wave number and z 0 is the mean depth of the horizontal interface. Depth to the interface is defined by the equation z = h(r).
Based on the Parker algorithm, Oldenburg [2] deduced a method to compute the depth to the undulating interface from the gravity anomaly profile. Equation (1) can be rearranged as:
However, the convergence of Oldenburg's inversion procedure can be guaranteed only after a lowpass filter has to be used. This filter is defined by:
where WH and SH are frequency parameters. The filter cuts off the frequencies higher than SH and the frequencies lower than WH will be fully passed, while the frequencies between WH and SH will be partly passed.
Detection of WH and SH values is quite difficult and the depth of interface is smoothed when using Parker-Oldenburg method. Therefore, we used the hybrid technique that based on Bott's [7] approach to calculate the depth. Following Bott, the first approximation of the depth to basement is:
The gravity anomalies of this surface are then calculated by the FFT-based technique. The calculated anomaly is compared with the observed anomaly. Using the difference between calculated and observed anomaly, the depth distribution of interface can be improved as follows:
This procedure can be repeated until the model is satisfied due to convergence is met. In the case of sedimentary basins which the density contrast varies exponentially with depth , the gravity effect of basin can be calculated by Granser [8] method:
where Δh= h(r) -z 0 Equations (3) and (4) can be expressed as
Numerical examples
We use two sedimentary basin models with the same depth for testing. The parameters of models are as follows: the total number of columns and rows are 112x112; the square grid interval is 1 km. The depth distribution of the interface is shown in Figure 1a . (a) The model depth, (b) Gravity anomalies due to basin with density contrast -0.48 g cm -3 , (c) Gravity anomalies due to basin with exponential density contrast -0.48e -0.15z g cm -3 , (d) Inversed depth of model with density contrast -0.48 g cm -3 using Parker-Oldenburg method, (e) Inversed depth of model with density contrast -0.48 g cm -3 using the hybrid technique, (f) Inversed depth of model with exponential density contrast -0.48e -0.15z g cm -3 using the hybrid technique
The first example has density contrast is constant = -0.48 g cm -3 . With this example, the gravity anomaly obtained from the application of the FFT-based technique is shown in Figure 1b . Using this field, we performed the inverse procedure by using both methods Parker-Oldenburg and the hybrid Figure 1d , e. According to Oldenburg, a low-pass filter has to be used to achieve convergence and this is the reason why the resulting interface is smoothed ( Figure  1d) . As a result, the root mean square (Rms) of depth is quite large, Rms is equal to 0.2166 km. Otherwise, when using the hybrid technique, the inversed depth is improved much (Figure 1e) . Here, the inversed depth result compares very favorably with the depth model and Rms equals to 0.0152 km.
The second example has density contrast varies exponentially with depth -0.48e -0.15z g cm -3 . The gravity anomaly of this model has been calculated by Granser's formula (Figure 1c) . Then we only used the hybrid technique to calculate the depths to the interface. The obtained result is shown in Figure 1f . The result shows that, the inversed depth coincides well with the model depth. In this case, Rms equals to 0.0158 km.
Using the hybrid technique, the computation time for each model is about 9 seconds. For equivalent space-domain calculations on these models, the computation time is about 6 hours. The hybrid technique is also applied in gravity field to determine the depth distribution of Nam Con Son sedimentary basin. Study area is about 100,000 km 2 , ranging from 9 0 N to 11 0 N latitude and 106.5 0 E to 109.5 0 E longitude. The results are shown in Figure 2 . Figure 2a is the Bouguer gravity anomaly map presented by Bui Cong Que and Nguyen Hiep [9] . Figure 2b illustrates the residual gravity of Nam Con Son sedimentary basin obtained from the Bouguer gravity anomalies by removing the regional effect (Figure 2c) . Residual density of basin is which was determined from density data of drillhole 21S -1X [9] . Figure 2d shows the depth result of Nam Con Son sedimentary basin. Figure 2e shows gravity anomaly at the last iteration. By compared Figure 2e and Figure 2b , it is clearly that the depth model of Nam Con Son sedimentary basin obtained from the hybrid technique produces the gravity anomaly very similar in shape to the residual gravity. The rate of convergence of method is fast, and it only takes 5 seconds for calculation. The depths to the interface compare favorably with the results of seismic exploration methods [9] .
Field example

Conclusions
The computation results obtained from numerical and field examples showed that the hybrid technique based on the FFT and space domain techniques would be a useful approach in gravity interpretation, especially in inversion procedure. According to the technique, the gravity anomaly is easily computed from Parker and Granser's formula. Then, the depth to the interface is determined by Bott's approach. The obtained results compare very favorably with theoretical models and seismic data. The computation speed of the hybrid technique is much faster than that of space domain technique. Moreover, the depth results using hybrid technique are also more accurate than those using Parker-Oldenburg method.
